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Abstract

Background Phthisis bulbi may follow cosmetic filler

injections. Early attempts to inject hyaluronidase into the

orbit after detection of devastating signs and symptoms

may potentially mitigate the complications.

Methods Cannula routes along the orbital walls were

studied. Depths of injections were determined in 30 dry

skulls. Deep cannula insertions were carefully performed

while avoiding exiting the orbit. Forty-six cadaveric orbits

with intravascular latex injection were dissected to de-

termine injection techniques, to verify structures at risk

along the routes, and to evaluate substance dispersion.

Results The limited depths of the superior, lateral, me-

dial, and inferior injection routes were 4.2, 3.8, 3.6, and

2.5 cm respectively, while the orbital width was 3.9 cm.

The superior parasagittal injection was effective and rarely

tears the superior ophthalmic vein, artery, and the optic

nerve. The medial injection should be avoided because it

may injure the lacrimal sac, the ophthalmic artery, and the

optic nerve. Without limited depth, the lateral injection

may damage the lacrimal gland and artery and proceeds to

damage the optic nerve. The inferior parasagittal injection

tends to exit into the infratemporal fossa but the inferior

oblique injection may be safer and effective but more

complicate with the depth of 4.2 cm.

Conclusion The superior parasagittal injection is a rec-

ommended simple technique with a minimal chance of

vascular injury. The inferior oblique injection requires

more skill but it may be safer because of the lower position.

For safety reasons, depth of each cannula insertion should

not exceed the orbital width.
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Introduction

Various injection techniques for fillers are available for

restoration of the aging process [1, 2]. These can be utilized

for facial augmentations and lifting to modernize the ap-

pearance and for correction of facial defects and contour

asymmetry. Hyaluronic acid is the appropriate material

because of its degradability using hyaluronidase [3]. Even

if the material can be degraded, a few serious complica-

tions still occur [4–8]. Ocular complications occur from

accidental injections into the branches of the facial or the

superficial temporal arteries. Moreover inadvertent cannu-

lation of the distal branches of the ophthalmic artery is the

worst scenario because the material travels directly to the

eye via the retrograde route [9–11]. Unbearable pain in the

eye during the injection followed by sudden loss of vision

and ophthalmoplegia is signs of ophthalmic artery occlu-

sion [12, 13]. Early treatment by the esthetic physician at
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the clinic before referral to the salvage team of specialists

may mitigate the tragedy. The initial treatments, which are

usually ineffective, are mainly aimed to promote vasodi-

latation. Direct injection of hyaluronidase to the orbit may

add another chance for recovery.

Retrobulbar injection has previously been associated

with retrobulbar hemorrhage and globe perforation [14,

15]. This technique requires a curved trajectory estimated

by the injector without bony guidance to enter into the

muscle cone. This explains the increasing popularity of the

sub-Tenon injection technique as an alternative. Sub-

Tenon injection is effective and fast in achieving infiltra-

tion of the extraocular muscles and the ciliary nerves with

the use of a confined space [16]. The curved needle fol-

lows the globe surface in the sub-bulbar fascial space to-

ward the optic nerve. Because the procedure is technically

demanding and a curved needle is required, the use of a

sub-Tenon route requires specific training to correctly

perform the technique without globe perforation [16]. All

techniques mentioned previously emphasize the nerves for

ocular anesthesia and akinesia, but a simple technique of

hyaluronidase injection similar to peribulbar injection with

emphasis on vascular structures is required for esthetic

physicians instead [17, 18]. A facial plastic surgeon in our

salvage team has used direct orbit injections in a patient

with full ocular and cutaneous symptoms of ophthalmic

artery occlusion. The result was so impressive except for

blindness which was not reversible. In this case, total

ophthalmoplegia and all the threatening skin and globe

infractions completely resolved with multiple passes of a

needle at the inferior temporal corner of the orbit. These

initial direct injections should be standardized for obtain-

ing an optimum result.

An understanding of the orbital wall architecture is

essential. Knowledge of the courses of nerves is important

for anesthetic injections but for hyaluronidase injection

awareness of the orbital blood vessels should be empha-

sized instead to place to the drug around the vessels and to

avoid retrobulbar hemorrhage [15, 16]. This study provides

the simple techniques to inject hyaluronidase to the orbit

for esthetic or emergency physicians. These techniques are

different from the previous anesthetic injection techniques

and emphasize cannula gliding along the orbital walls to

minimize blind estimation of the cannula routes.

Materials and Methods

Determination of the Possible Cannula Route of Each

Injection Technique

Orbital dissections were performed in 20 orbits of 10 soft

embalmed cadavers to determine safe and simple

techniques for cannula insertions into the orbit. By col-

lapsing the globe dissections progressed layer by layer both

from the superior and the anterior views to identify all the

relationships of the orbital contents and the neurovascular

distributions. Dissection emphasizes the courses of the

superior ophthalmic vein and the ophthalmic artery to

identify hazardous cannula routes. The thickness of the

orbital fat around the globe and the muscle cone were

observed. Criteria for the suitable technique were cannula

insertion should.

1. Be simple to perform and be a lifelong skill.

2. Not be needed to fully recognize the anatomical basis

of the orbital contents and walls.

3. Be safe with a minimal chance to endanger the

essential orbital contents: the optic nerve, the oph-

thalmic artery, the superior ophthalmic vein and the

extraocular muscles.

4. Retain the injection within the orbit, not exit into the

cranial cavity.

5. Cease safely at the orbital wall.

6. Be placed near the orbital apex to facilitate dispersion

toward the ciliary arteries in the retrobulbar space.

Verification of Efficacy of the Injection Technique

The efficacy of the techniques was determined in 20 orbits

in 10 soft embalmed cadavers in the supine position.

Green dye was injected into the globe via a corneal

puncture to monitor cannula injury to the globe. In-

traocular pressure was estimated by palpation as in clinical

practices. Red and blue latexes were injected into the

common carotid artery and the internal jugular vein, re-

spectively, for revealing evidence of vascular injuries.

Fragments or interrupted columns of latex near each

cannula retained within the orbit were evidence of vas-

cular injury. Another criterion of potential vascular injury

was witness of a vascular structure that lied very close or

even touched the cannula without an interposing muscle.

The safe cannula route was that in which no vascular

structure lied close to or came into contact with the can-

nula or had an interposing structure such as a muscle

between them. To simulate the clinical scenario, a long

blunt 25G 50-mm cannula was inserted at each of four

orbital margins, and the cannula was glided along the

corresponding orbital wall (Fig. 1). The superior

parasagittal midpupillary injection was at the middle of

the superior orbital margin. The medial injection was just

above the medial canthal tendon. The inferior parasagittal

injection was at the middle of the inferior orbital margin.

The inferior oblique injection was on the vertical line just

lateral to the lacrimal caruncle. The lateral injection was at

the area just inferior to the lateral canthal ligament. The
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superior and the inferior parasagittal injections were per-

formed by keeping the cannula routes along the sagittal

plane. If the cannula touched the lateral wall or obviously

deviated from the sagittal plane more than 10� when it

glided along the slope of the lateral orbital wall, cannula

insertion must stop, otherwise it leads to the muscle cone

and the optic nerve. The medial and the lateral injections

were performed by keeping the cannula routes along the

transverse plane. Only in the inferior oblique injection, the

cannula route intentionally was deviated 10� laterally from

the sagittal plane by gliding along the orbital floor. A

compass application in a mobile phone could provide

accurate guidance. Observations for injuries to the orbital

contents were performed from the superior view in five

cadavers and from the inferior view in the other five. The

calvarium and the orbital roofs were removed using a

vibrating saw and a chisel in five cadavers for superior

inspections. The inferior orbital rims were removed to-

gether with the orbital floors and parts of the maxillar and

the malar bones bilaterally in the other five cadavers to

evaluate in the same manner from below.

For substance dispersion, six orbits in three cadavers

were injected with 3 ml of red liquid dye using the superior

parasagittal midpupillary technique with a 25G cannula,

one fast injection, and five slow injections through a skin

hole made by a 27G needle to limit dye reflux. Then the

orbital contents were removed through a circular perior-

bital incision for dissections to evaluate the effectiveness of

the injections in two cadavers. Two orbits of the last ca-

daver were dissected 24 h later.

Results

Forty-six cadaveric orbits, from 23 cadavers aged ranging

between 35 and 62 years with intravascular latex injection,

were separately dissected to determine injection tech-

niques, to verify structures at risk along the routes and to

evaluate substance dispersion. The bony configuration of

each orbital wall including the positions of the orbital fis-

sures is the most important factor influencing the route of

the injection techniques (Figs. 2, 3). The course of the

superior ophthalmic vein and the ophthalmic artery at the

superior nasal corner of the orbit and the exit of the optic

nerve at the optic foramen define the risk of complications

(Figs. 4, 5, 6, 7, 8).

The Superior Parasagittal Midpupillary Injection

The superior ophthalmic vein, the frontal nerve, and the

ophthalmic artery usually travel longitudinally spanning

from the middle of the orbital roof to the medial corner

(Figs. 4, 5). While the frontal nerve is fixed to the roof by

the supraorbital foramen or notch, fortunately, the superior

ophthalmic vein the largest vein in the orbit is covered and

protected completely along its course from the cannula

route in all 20 orbits by the levator palpebrae superioris and

its fatty tissue envelope (Figs. 6, 7). A blunt 25G cannula is

suitable for this superior parasagittal injection. After in-

sertion through the skin and the orbital septum via a hole

made by a 23G needle, the 25G cannula should follow the

orbital roof until it reaches and stops at the greater wing of

Fig. 1 All five sites of cannula

injections of hyaluronidase with

reference to the orbital margins
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the sphenoid at the posterior part of the lateral wall

(Fig. 2a). Care should be taken to keep the cannula tra-

jectory on the sagittal plane otherwise it will deviate me-

dially, penetrate the muscle cone and tear the superior

ophthalmic vein and then the optic nerve at the optic canal

(Fig. 2b). Midpupillary cannula insertion along the sagittal

plane traveled between the frontal nerve at the roof and the

levator palpebrae superioris muscle and ended near the

orbital apex lateral to the common ring tendon (Fig. 8).

The risk of injury to the optic nerve will increase when the

injection point is close to the medial wall. The maximum

depth allowed in the cannula insertion was 4.2 ± 0.3 cm

(Table 1). This is the suitable technique recommended

among all in this study.

The Lateral Orbital Injection Below the Lateral

Canthus

Although cannula insertion along the lateral wall is safe

from injury of the important neurovascular structures such

Fig. 2 Cannula trajectories of

the superior and the lateral

orbital injections with the

limited depths before exiting the

orbit

Fig. 3 Cannula trajectories of

the medial and the inferior

orbital injections with the

limited depths before exiting the

orbit
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as the ophthalmic artery and veins (Fig. 2c), the lacrimal

gland at the superior temporal corner is susceptible to

damage at its lower part. The steep slope of the lateral wall

cannot accommodate the cannula inserted along the sagittal

plane. Inclined insertion along the lateral orbital wall to-

ward the midline led to the ophthalmic artery, the superior

ophthalmic vein, and the optic nerve at the orbital apex in

all 20 orbits (Fig. 2d). These included direct injuries to

eight optic nerves and two superior ophthalmic veins, re-

spectively. The maximum depth allowed in the cannula

insertion was 3.8 ± 0.4 cm. In this injection technique, a

30-mm hypodermic needle can be safely used.

The Medial Orbital Injection Above the Medial

Canthus

The lamina papyracea is a convex bone plate of the eth-

moid. A tortious route of the ophthalmic artery courses

along the upper half and ends at the superior nasal corner

under the trochlea of the superior oblique muscle (Figs. 4,

5). The ethmoid branches anchor the ophthalmic artery and

the superior ophthalmic vein to the superior nasal corner

making this corner ‘‘the danger zone.’’ The lacrimal sac,

attached and enveloped by the muscle fibers, bulges and

occupies the lower half of the medial wall in the lacrimal

Fig. 4 Cutaneous tributaries of

the superior ophthalmic vein

and cutaneous branches of the

ophthalmic artery

Fig. 5 Position of the

ophthalmic artery and the

superior ophthalmic vein at the

superior nasal corner of the orbit
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fossa behind the medial canthal tendon. Based on the

sagittal alignment of the medial orbital wall, the cannula

inserted anywhere along the medial wall led to the optic

canal or the superior orbital fissure at the orbital apex in

all 20 orbits (Fig. 3a, b). Moreover the endangered oph-

thalmic artery lied very close to the cannula in 6 of 20

orbits. The maximum depth allowed in the cannula in-

sertion was 3.6 ± 0.4 cm. A sharp needle is prohibited in

this area.

Two Inferior Orbital Injections

The midpupillary line crossing the inferior orbital margin

was a site for cannula insertion along the sagittal plane.

This cannula route went between the inferior surface of the

globe and the inferior orbital margin until it touched the

sphenoid greater wing at the lateral orbital wall at a depth

of 3.2 ± 0.3 cm. The orbital floor leads to the inferior

orbital fissure on the lateral half because the orbital surface

Fig. 6 Typical anatomical

relationships among the orbital

contents and the neurovascular

structures

Fig. 7 The levator palpebrae

superioris muscle covers the

superior ophthalmic vein from

the cannula trajectory of the

superior parasagittal

midpupillary injection
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of the zygoma is depressed below the lateral orbital wall.

The cannula should not glide along the orbital floor

otherwise it could exit the orbit through the inferior orbital

fissure to the infratemporal fossa. This was observed in 6

out of 20 orbits when the cannula followed the orbital floor.

Although it was not a serious complication, injection out-

side the orbit had certainly lost the hyaluronidase with no

added benefits. The maximum depth allowed in the cannula

insertion was 2.5 ± 0.3 cm before it reached the inferior

orbital fissure (Fig. 3d). If the cannula followed the orbital

fat layer above the floor and managed to cross the inferior

orbital fissure without exit the orbit, it touched the sphe-

noid greater wing. Because of the steep slope of the lateral

wall related to the sagittal plane, the flexible cannula will

deviate at the lateral wall and go toward the muscle cone.

No globe perforation was evidenced in this study.

Another injection that requires more skill is the inferior

oblique injection, in which the cannula enters medially on

the anterior lacrimal crest at the lower orbital margin be-

tween the two vertical lines of the lacrimal caruncle and the

medial limbus. The medial half of the floor on the orbital

surface of the maxilla is raised higher than the inferior

orbital fissure. The injection route that intentionally devi-

ated 10� from the sagittal plane to the temple engaged the

apex of the lateral wall in all orbits at 4.2 ± 0.3 cm

(Fig. 3c). Most of the techniques mentioned previously

require limited depth for cessation before reaching the

optic nerve or exiting the orbit, but the superior parasagittal

and this inferior oblique injection are the two freehand

techniques that do not require the limited depth. The in-

jection depths are limited by the lateral orbital wall without

endangering the optic nerve.

Fig. 8 Cannula trajectory of the

superior parasagittal

midpupillary injection within

the obit

Table 1 Limited depth of the intraorbital injections of hyaluronidase using a 25G cannula measured from the middle of each orbital margin to

the superior, the inferior orbital fissures or the optic foramen

Injection technique Side of the orbital

margin

Destination fissures,

foramen, margin

Mean ± SD of

depth (cm)

Range of

depth (cm)

Superior midpupillary parasagittal

injection

Superior orbital margin Superior orbital fissure 4.2 ± 0.3 3.3–4.8

Lateral orbital injection Lateral orbital margin Superior orbital fissure 3.8 ± 0.4 2.2–4.3

Medial orbital injection Medial orbital margin Confluence of both orbital fissure 3.6 ± 0.4 2.8–4.5

Inferior midpupillary parasagittal

injection

Inferior orbital margin Inferior orbital fissure 2.5 ± 0.3 2.0–3.2

Inferior oblique injection Inferior orbital margin Posterior part of sphenoid

greater wing

4.2 ± 0.3 3.5–4.8

Orbital width Medial orbital margin Lateral orbital margin 3.9 ± 0.2 3.3–3.9

Orbital height Superior orbital margin Inferior orbital margin 3.4 ± 0.2 3.0–3.9

n = 60 orbits of 30 dry skulls

258 Aesth Plast Surg (2015) 39:252–261

123



Natural Barriers for Hyaluronidase Spread

The orbital fat is loosely arranged into a lobulated mass,

lobules are incompletely separated from each other by the

natural barriers. They are the globe, the lacrimal gland, the

extraocular muscles, and the recesses in the eyelids. Con-

tinuations between the retrobulbar fat in the muscle cone

and the adjacent periconal fat around the muscle cone exist

at the gaps between the muscles which are wider than the

muscles. The orbital fat is loose and can be easily removed.

No definite boundaries define the fat compartments in the

orbit, and no separating fascial barriers were recognized

except for the suspensory and the check ligaments which

envelope the anterior part of the globe around the attach-

ments of the extraocular muscles. The periconal fat com-

pletely envelopes the muscle cone and separates it from the

orbital walls. Red dye spread along the orbital walls and

dispersed into the retrobulbar fat from the injection site

near the apex (Fig. 9). Rapid injection limited dye

spreading only along the injection tract without entering

the retrobulbar space. Injections performed as slow as

possible effectively infused dye into the retrobulbar fat.

The optic nerve, the ophthalmic artery, and the ciliary ar-

teries were stained with red dye in all five orbits with slow

injection. Only the anterior part of the inferior orbital fat is

spared from staining. The last cadaver with delayed ex-

ploration expressed homogeneous deeper stained color

within the muscle cone. Dispersion of hyaluronidase from

the periconal fat to the ciliary arteries in the retrobulbar fat

is possible and the process of dispersion continues as time

passes. Although hyaluronidase injected into the orbit may

spread toward less resistance, in a confined space such as

the orbit the drug certainly flows into all directions in-

cluding the retrobulbar fat and further redistribution occurs

until it is neutralized with native hyaluronic acid within the

orbital tissues.

Discussion

A common application of hyaluronidase is used in com-

bination with local anesthetics in elective ophthalmic sur-

gery to accelerate drug dispersion [19]. In the occluded

vascular complications following filler injections, hyalur-

onidase has to come into direct contact with the hyaluronic

acid molecules within the occluded lumen of the branch

retinal vessels. By catalyzing the hydrolysis of hyaluronic

acid, hyaluronidase lowers the viscosity, thereby reestab-

lishing tissue perfusion. An optimal result of hyaluronidase

injection should be obtained by direct cannulation and

retrograde injection via the supraorbital, the supratrochlear,

or the dorsal nasal arteries at the medial eye corner. This

operative procedure requires a facial plastic surgeon to

make an incision at the epicanthal region. Considering the

hyaluronidase injection, we concluded that direct cannu-

lation and retrograde injection of the occluded vessel by an

experienced surgeon is the treatment of choice. The second

choice is sub-Tenon or retrobulbar injections by an expe-

rienced ophthalmologist or an anesthesiologist. These

techniques endanger the globe and the optic nerve. Vitre-

ous hemorrhage, globe, and optic nerve perforation may

complicate the clinical signs and symptoms. When a spe-

cialist in salvage procedures is not available, direct injec-

tion of the hyaluronidase into the orbit using a safe

Fig. 9 Orbital contents were

stained differently as a result of

different injection rates
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technique may be the only choice to reestablish capillary

perfusion and may partially restore the retinal blood sup-

ply. The aim of the injection is to perfuse the hyaluronidase

into the safe area until it reaches the retrobulbar fat which

contains the ciliary vessels. Experience from various clin-

ical trials shows that hyaluronidase seems to have no

toxicity toward normal tissues and to have no other adverse

effects in preclinical experiments and when used in various

clinical trials [19].

In the sub-Tenon injection technique, physicians access

the subfascial space by a cut hole at the inferonasal seg-

ment near the corneoscleral junction using a fine scissors

and pass the curve cannula following the globe surface to

reach the posterior pole. The periconal space is wider and

easier to access than the sub-Tenon space. It allows dis-

persion of the hyaluronidase into the retrobulbar space

containing the ciliary arteries. The 25G cannula is available

in the clinic because it is commonly used for filler injec-

tions. A simple technique to indirectly access the retrob-

ulbar space is more practical for esthetic physicians who do

not routinely perform operative procedures.

The orbital apex lies medial to the sagittal plane passing

through the midpupillary line. This plane passes through

the sphenoid greater wing at the lateral orbital wall. A

cannula inserted along the sagittal plane at the midpupillary

line will go directly to the slope of the sphenoid greater

wing and then deviate medially to the orbital apex and the

optic nerve. During the superior parasagittal injections, the

first hit is the cannula touching the sphenoid bone at

4.2 ± 0.3 mm and then, if the cannula is further advanced,

the second hit is the muscle cone. This study proposes

injection techniques in which the hyaluronidase is safely

injected very close to the ophthalmic vascular system.

Concerning individual variation, if the physician feels the

loss of resistance after a pop felt with the deep cannula

position, reinsertion of the cannula with carefully evalua-

tion of the landmark is recommended otherwise intracra-

nial injection may be encountered.

When decreased visual acuity or sudden loss of vision

occurs during or after a cosmetic facial injection of

hyaluronic acid, a hyaluronidase injection into the orbit

instantly is recommended. Two levels of aggressive treat-

ment should be considered based on the severity of the

ocular complications, experience and knowledge of the

esthetic physician who faces the ocular complication. The

superior parasagittal injection of hyaluronidase within the

cannula depth of 40 mm is the least aggressive treatment.

This injection technique is effective, easy, and safe enough

for the esthetic physician. For fully confident esthetic

physicians who recognize and cope with the sudden loss of

sight together with other ocular ischemic symptoms of the

patient such as ophthalmoplegia and intractable pain in the

eye and the glabella-forehead region, more aggressive

treatment should be administration otherwise phthisis bulbi

may be the result. These include aggressive injections with

all injection techniques recommended and repeat the in-

jections within 20 min based on the clinical results.

Although this suggestion is based on a rare personal ex-

perience, it is founded on all available information. Mul-

tiple injections will allow complete dispersion of

hyaluronidase throughout the orbit. Minute orbital vessels

which are capillaries and venules within the ischemic ex-

traocular muscles and the orbital fat are the targets for

intravascular absorption of hyaluronidase. These vessels

allow for the possibility of direct contact of the hyalur-

onidase and the hyaluronic acid. Then the patient is re-

ferred to the salvage team for further aggressive treatments

such as arterial cannulation.

Although the injection techniques are safe, practicing in

cadavers under the supervision of experienced trainers until

essential knowledge and skill of the techniques are gained

is important before the techniques are used clinically. In

the office setting, most procedures are performed freehand

without radiologic and ultrasound guidance. Participation

in a hands-on workshop is an ethical way of medical

practice for novices nowadays.

Cadaver study has many limitations due to the lack of

muscle movements and tone, no vascular perfusion and

also decreased intraocular pressure. Although hyalur-

onidase is effective in dispersion, the effectiveness of direct

injection of hyaluronidase into the periconal fat for salvage

of branch retinal artery occlusion is still questionable. This

requires animal experiments to quantify the results [20].

The neutral position of the cornea and dense sclera fa-

cilitate simulation of injections. Although it is possible to

simulate vascular injury causing retrobulbar hemorrhage in

soft embalmed cadavers with latex perfusion in the carotid

artery and the internal jugular vein, assessment of efficacy

and complications between two compared injection tech-

niques certainly requires many more specimens which may

not be cost-effective and not practical. However, one of

these injection techniques may be utilized for ocular

anesthesia, a randomized control clinical trial comparing

the recommended injection techniques and the standard

retrobulbar injection for anesthetized ocular surgery per-

formed by experienced ophthalmologists or anesthesi-

ologists sounds reasonable and ethical.

Conclusion

Superior parasagittal midpupillary injection and inferior

oblique injection may be safe and effective techniques for

esthetic physicians because of the deep cannula positions

when ocular complications occur. The superior parasagittal

injection is a simple technique recommended with minimal
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chance of vascular injury. The inferior oblique injection

requires more skill but it may be safer. For safety reasons,

the depth of each cannula insertion should not exceed the

orbital width.
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